Background: Using Donabedian's structure-process-outcomes (SPO) framework, this descriptive, exploratory study examined the structure of a telemonitoring program in a population of patients with type 2 diabetes (T2D), the process of nurse-patient telephonic interactions, and patients' clinical outcomes. Methods: Secondary data analysis was conducted using data from 581 patients who participated in a home telemonitoring program for 12 months. Three point-biserial and six Pearson correlations were estimated to determine how patient demographics related to clinical characteristics. Mixed model regressions were conducted predicting hemoglobin A 1c (HbA 1c ), systolic blood pressure (SBP), and diastolic blood pressure (DBP) levels at 6, 9, and 12 months based on the frequency of contact in the earlier 3 months. Analysis of variances were conducted to assess if the frequency of contact was significantly different by change in HbA 1c levels from 3 to 6, 6 to 9, and 9 to 12 months. Results: Significant negative correlations were found between age and HbA 1c (r=−0.10, P=0.015) and DBP (r=−0.16, P,0.001), a significant positive correlation was found between age and SBP (r=0.15, P=0.001). A significant correlation was found between sex and DBP (r pb =−0.11, P=0.015); female participants had lower DBP levels than males. Frequency of contact was not related to the change in clinical outcomes. However, the frequency of contact for the time period 3 to 6 months was associated with change in HbA 1c for the 6-to 9-month period and frequency of contact during the 6-to 9-month period was associated with change in HbA 1c from 9 to 12 months. Conclusion: Examination of the SPO measures in the telemonitoring environment assisted in understanding the effectiveness of this type of unique intervention and the need for further in-depth exploration of self-management techniques among individuals with T2D.
Introduction
One of the most prevalent of all chronic disease states in the US, type 2 diabetes (T2D) has been diagnosed in 21 million individuals, with an estimated 8.1 million more unaware they have the disease. 1 Self-management has been identified as a crucial aspect of controlling T2D, as the most important self-care choices affecting the health and the well-being of the individual are made day-to-day and not in the physician's office. 2 Findings from large-scale clinical trials and systematic reviews of diabetes self-management interventions have identified the need to focus more closely on understanding the effectiveness of nursing interventions on sustained self-management outcomes for individuals with T2D. 3, 4 Research has shown one-size-fits-all approaches to diabetes self-management interventions may not always be effective, especially when one considers emerging disparities in diabetes morbidity and mortality. [5] [6] [7] [8] The need to understand not only the clinical and utilization outcomes as a result of self-management of T2D but also the processes of care that may contribute to improved outcomes is essential to improving the quality of care provided.
To date, research examining the effectiveness of interventions to support patients' self-management of T2D has included a variety of health care settings across the health care continuum. Within the larger context of diabetes selfmanagement, the use of telemonitoring technology that strongly supports the shift in point of care service from provider-centered to patient-centered and from hospital-based to community-based is noteworthy. 9 Despite the speed at which telemonitoring technology has advanced and the noted positive clinical and utilization outcomes it has demonstrated in patients with chronic conditions, [10] [11] [12] [13] [14] the research has not focused on the processes of care, which may contribute to improved clinical outcomes. 15 Further, while telemonitoring has been regarded as an innovative tool to help increase access to care for patients, the focus has not consistently been on its use to sustain clinical outcomes over time. 16 In light of the current state of the science of diabetes selfmanagement, examining factors that contribute to clinical outcomes in individuals with T2D is needed. Specifically, this study examined the structure and processes of care in a telemonitoring program for managed care recipients and the role that health care providers play in relation to selfmanagement outcomes in patients with T2D.
The specific aims of this study were: 1. To determine how patient demographics is related to clinical characteristics at baseline among patients with T2D participating in the telemonitoring program (structure of care). 2. To determine the association of frequency of contact with a nurse (process of care) and clinical outcomes over time (outcome of care) in patients with T2D participating in the telemonitoring program.
Methods
Due to the importance of understanding the associations that exist between the structures of care, the processes of care, and the outcomes of care in this home telemonitoring program, the exploratory design was selected. Donabedian's structure-process-outcomes model 17 defines structural, process, and outcome measures of quality and further asserts that the three are not independent but are related to one another in an underlying framework whereby good structure should yield good process, and good process should yield good outcomes. 18 Structural measures are noted to be the professional and organizational resources linked with the provision of care, such as the operating capacities and staff credentials. For the purposes of this study, the operational definition of structure is noted to be the telehealth monitoring system, inclusive of patients, nurses, and physicians, within the larger context of the integrated health care delivery system. Structural measures were operationalized to be the available individual patient demographics of those enrolled in the home telemonitroing program. Process measures of quality are defined as the actions done to and for the patient by nurses and physicians in the course of treatment. 19 Frequency of contact, whether nurse-initiated or patient-initiated was noted to be the process of care measure that was examined within this study. Finally, Donabedian 17 defined outcome measures as the desired or intended states resulting from care processes. The clinical outcomes of hemoglobin A 1c (HbA 1c ), systolic blood pressure (SBP), and diastolic blood pressure (DBP) from baseline through 12 months, as measured in 3-month time periods, were the outcome measures.
The study was a secondary data analysis conducted using data collected through a preexisting telemonitoring program offered through a large integrated health care delivery system with its own 420,000 member health plan. The health care system provides medical, mental health, and substance abuse services through its eleven acute care hospitals, four skilled nursing facilities, six diagnostic treatment centers, and 70 community-based clinics throughout a large metropolitan area in the Northeast US. The telemonitoring program began enrolling patients in October 2006 with a focus on patients with T2D, identified by individual physicians, who could potentially benefit from the use of a home monitoring device. Eligibility requirements included: written consent from the patient to participate; 18 years of age or older; a permanent address with a working land telephone line; a physician who was willing to participate in the program and who agreed to provide physician orders for program participation; a covered member with medical insurance offered through the managed care company that was contracted with the health care system; an established diagnosis of diabetes with a history of need for frequent health care intervention including increased incidence of emergency room visits, readmission to hospital or agency for skilled care, and/or frequent unscheduled visits to the physician's office or clinic.
With the patient's consent, a telemonitoring device was installed in the patient's home that was capable of transmitting daily blood glucose and blood pressure values to a team of six registered nurses via secure high bandwidth transmission. The HbA 1c values were available to the registered nurses through a central health care system database. The nurses utilized an alert parameter system that indicated what clinical values to act upon via a call to the patient and, when necessary, consultation with the referring physician. Specifically, each patient's physician established clinical guidelines for triage alerts and care goals, which were reviewed by the nurse and discussed with the patient. Patients were advised that the nurse would respond within 2 hours to any red alert and within 8 hours to any yellow alert that is transmitted. Red alerts were established as greater than 20% above or below pre-established parameters for blood glucose and blood pressure. Yellow alerts were established as readings outside of the target range, but not within the red alert range. Default settings were put in place for patients whose physicians did not request specific ranges (Figure 1 ).
This study was submitted and approved by New York University's Committee on Activities Involving Human Subjects (UCAIHS) as well as submitted and approved by the Biomedical Research Alliance of New York (BRANY). As this study was a secondary data analysis of an existing telemonitoring program (where the patients' provided written consent to be part of the program and to have their de-identified data utilized for research purposes), a separate consent was not required to be obtained for this study. The target population was patients with T2D who were enrolled in the telemonitoring program between the dates of January 1, 2008 and December 31, 2010. The data file of patients included 605 actively monitored patients within this time frame, however, due to lack of complete baseline clinical data only 581 patients were included in the study sample. Baseline data collected and available for review included the date of enrollment, date of disenrollment, sex, date of birth, primary language, baseline HbA 1c , and baseline SBP and DBP. The baseline HbA 1c , baseline SBP and baseline DBP readings were the first reading that existed on the patient's record in the telemonitoring system. The data collected on an ongoing basis included HbA 1c , SBP and DBP, months enrolled in the program, and contact history including frequency of contact. At 3 months from the initial enrollment date, the 3 month blood pressure reading that existed in the telemonitoring system was obtained in systolic/diastolic format. These data were provided at the 6, 9, and 12 months time frame for each patient from the date of his or her enrollment in the program through December 31, 2010. While the HbA 1c represented a measure of blood glucose control over each 3-month time frame, the blood pressure readings collected were point-in-time and did not represent an average over time.
The researcher did not have access to individual patient medical history, comorbid conditions, medication regime, prescribed diet, or activity levels. The researcher did have access to the individual patient's inpatient and emergency room visits that occurred during the 12 months for which the patient was part of the home telemonitoring program. Examination and analysis of patient utilization outcomes were not within the scope of the current study.
Data analysis
The principal analysis phase involved testing each of the two hypotheses related to this study. To assess the first study aim, to determine how patient demographics related to baseline clinical characteristics, three point-biserial and six Pearson correlations were estimated. Prior to addressing the second study aim, to determine if the frequency of contact with a nurse was associated with a change in clinical outcomes (HbA 1c , SBP, and DBP), nine multiple linear regressions were conducted as a sensitivity test. This was done to assess if the frequency of contact predicted the clinical outcomes after controlling for age, days enrolled, and clinical outcomes 3 months earlier. Three mixed model regressions were then conducted to predict HbA 1c , SBP, and DBP levels at 6, 9, and 12 months. Finally, to determine if the frequency of contact with a nurse was associated with a change in HbA 1c level in patients participating in the program, analysis of variances (ANOVAs) were conducted. The frequency of contact was measured as the number of contacts from baseline to 3 months (time 1), from 3 to 6 months (time 2), and from 6 to 9 months (time 3). HbA 1c , SBP, and DBP were measured as the difference between 3 and 6 months (time 1), the difference between 6 and 9 months (time 2), and the difference between 9 and 12 months (time 3). Because the frequency of contact variable was skewed heavily to the right, a natural log transformation was taken on the frequency of contact after adding the constant 1. It was hypothesized that the frequency of contact would lead to better patient outcomes of decreased HbA 1c levels, SBP, and DBP values in the subsequent 3-month period. This "look back" at the frequency of contact was utilized as a means to determine if the intervention was effective in improving clinical outcomes.
Three mixed model regressions were conducted to assess the relationship between the frequency of contact and HbA 1c , SBP, and DBP levels. Because the frequency of contact depended on the length of time the participant was enrolled, the number of months enrolled was controlled for. Since age was related to HbA 1c , DBP, and SBP levels at baseline, age was also controlled for. The frequency of contact was tested as a random factor. However, in all three models, the frequency of contact was not a significant random effect and thus the random effect was not included in the model. A random intercept was included in the model. All the fixed factors in the model were centered at their means.
Three ANOVAs were conducted to assess if the frequency of contact was significantly different by a change in HbA 1c levels from 3 to 6, 6 to 9, and 9 to 12 months. The change in HbA 1c levels over 3 month intervals were categorized as an increase (those patients who had an increase in HbA 1c level from one time period to the next time period), decrease (those patients who had a decrease in HbA 1c level from one time period to the next time period), no change-normal (those patients who had a HbA 1c level in the normal range of 7% or less and remained in that normal range for the subsequent time period), no change-near normal (those patients who had a HbA 1c level in the near normal range of 7%-8% and remained in that near normal range for the subsequent time period), and no change-poor (those patients who had a HbA 1c level in the poor range of 8% or greater and remained in that poor range for the subsequent time period).
As with the mixed model regressions, the time points were lagged by 3 months, so the change in frequency of contact from baseline to 3 months was assessed in relation to the change in HbA 1c from 3 to 6 months. The natural log transformation was still used for the frequency of contact.
Results
Five hundred and eighty-one participants comprised the study sample. The majority of the participants was female, spoke English, and was between 51 and 65 years old ( Table 1) . Frequency of contact was calculated at 3-, 6-, 9-, and 12-month intervals. The total number of months enrolled in the program ranged from 1 to 49 with the average being 17 months (Table 2) . HbA 1c , DBP, and SBP values were taken at baseline, 3-, 6-, 9-, and 12-month time periods. The highest average HbA 1c , DBP, and SBP levels were at baseline and the lowest average HbA 1c , DBP, and SBP levels were at 12 months (Table 3 ).
Significant negative correlations were found between age and HbA 1c (r=−0.10, P=0.015) and DBP (r=−0.16, P,0.001), and a significant positive correlation was found between age and SBP (r=0.15, P=0.001). As age increases, HbA 1c level and DBP tended to decrease while SBP tended to increase. There was also a significant correlation with sex and DBP (r pb =−0.11, P=0.015) indicating that female participants tended to have lower DBP levels than males.
The results of the sensitivity regressions predicting HbA 1c levels showed that the frequency of contact at 6 months predicted HbA 1c levels at 9 months. As the frequency of contact increased, HbA 1c levels also tended to increase ( Table 4 ). The regressions predicting DBP did not show any significance for the frequency of contact ( Table 5 ). The results of the regressions predicting SBP showed significance in the frequency of contact at 3 months predicting SBP at 6 months. As the frequency of contact increased, SBP levels also tended to increase (Table 6 ).
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structure, process, and outcomes of care Mixed model regressions showed that the frequency of contact was not related to the change in HbA 1c , DBP, and SBP levels. Results are presented in Table 7 .
In ANOVA (Table 8 ), the frequency of contact from baseline to 3 months was not related to changes in HbA 1c levels from 3 to 6 months, F(4, 565)=1.74, P=0.139. The frequency of contact from 3 to 6 months was related to change in HbA 1c levels from 6 to 9 months, F(4, 448)=2.69, P=0.031. Tukey post hoc testing showed those with a decrease in level had significantly lower frequency of contact compared to those who increased or no change-poor for their change in HbA 1c ( Table 9 ). The frequency of contact from 6 to 9 months was related to change in HbA 1c levels from 9 to 12 months, F(4, 431)=3.49, P=0.008. Further testing showed that those who had no change-poor had significantly higher frequency of contact compared to those with no change-normal.
Discussion
The current study makes a number of important contributions to the current literature on telemonitoring programs for patients with T2D. Within the structure of care measurable variables of the telemonitoring program, patient demographics of age, and HbA 1c and DBP were found to be negatively correlated, while age and SBP were found to be positively correlated. Female participants tended to have lower DBP levels than males.
Within the process of care and outcomes of care measurable variables, mixed model regressions revealed that the frequency of contact was not related to changes in HbA 1c , DBP, and SBP levels. ANOVA showed the frequency of contact from 3 to 6 months was related to change in HbA 1c from 6 to 9 months; notably, those patients who had a decrease in HbA 1c had fewer contacts than those who had an increase in HbA 1c or who had consistent, poorly controlled HbA 1c . Similarly, the frequency of contact from 6 to 9 months was related to change in HbA 1c from 9 to 12 months; notably, those patients who had consistent, poorly controlled HbA 1c had more contacts than those who had consistent, well controlled HbA 1c .
This study provides support for the effectiveness of utilizing a model such as Donabedian's structure-process-outcomes model 17 to guide the examination conditions that were previously noted, further compound how care is delivered, measured, and interpreted. Within the current telemonitoring interventions for patients with T2D, a great variation exists in how HbA 1c , SBP, and DBP are measured as program outcomes. 20, 21 In this study, to determine if the frequency of contact would predict HbA 1c levels in the subsequent 3-month period, frequency of contact was lagged by 3 months. This approach to the examination of existing data allowed the researcher to examine the effects that telephonic outreach by a nurse would have on clinical outcomes of care in the subsequent 3 months. This unique approach to examination of the telemonitoring process of care and clinical outcomes of care measures for patients with T2D has not been implemented in previous research studies.
Further, the approach of categorization of change in HbA 1c between time periods, in relation to the frequency of contact in prior months, is novel and contributes to the limited literature on the relationship between the process of care and the outcomes of care. The consideration of whether contacts preceded or followed the change in HbA 1c was necessary in light of the secondary data that was utilized within this study. Essentially, being able to quantify outreach efforts between the nurse and the patient, and controlling for earlier HbA 1c , allowed the researcher to consider that increased outreach effort was associated with those patients with poorer control or elevated HbA 1c , while fewer outreach effort was associated with patients with better control or lower HbA 1c levels. While it was ultimately found that the frequency of contact had no predictive value of the improvement in HbA 1c levels, SBP, or DBP values, it remains important to examine the Participants with a decrease in HbA 1c over the 3-month time period had significantly lower frequency of contact compared with those who had no change-poor control or increase in HbA 1c . This may be interpreted to mean that those patients with consistently poor control, as evidenced by an HbA 1c of greater than 8%, required and received additional outreach from, or to, a nurse to manage their condition. Those patients who had HbA 1c in the normal range of 7%-8% would perhaps have required less frequent contact with a nurse and so did not receive or make contact regarding their condition. This finding is consistent with literature regarding those patients who struggle to control their diabetes require more education and assistance to improve their HbA 1c levels. 22, 23 Another noteworthy finding was that within the sample, as age increased, HbA 1c tended to decrease. Although prevalence of T2D increase with age, it is not clear from the literature if age positively predicts HbA 1c levels. 24 It may be that management of this chronic, progressive disease, as reflected in HbA 1c levels, is more strongly linked to years living with the disease, than with age of the individual with the disease. Since the sample data did not include years living with diabetes, it is not possible to conclude that this is the case in the present study.
Similarly important was the finding that as age increases, SBP tended to increase while DBP decreased. Findings from the National Health and Nutrition Examination Survey (NHANES) IV 1999-2000 (n=5,448) indicated that uncontrolled hypertension prevalence increased with advancing age, tended to be higher in women, and highest among nonHispanic Blacks. 25 However, NHANES IV did not specify a relationship between age and systolic or diastolic hypertension. The American Heart Association, based on results from the Framingham Study, suggests that SBP is a better marker for cardiovascular disease (CVD) than DBP because DBP typically increases until age 50, then levels off until age 60 and remains stable or decreases thereafter. 26 SBP has been shown to rise steadily with age as a result of increased incidence of cardiac and vascular disease.
In the current study, females tended to have lower DBP levels than males. The Centers for Disease Control and Prevention indicates that reducing DBP from 90 to 80 mmHg in both men and women with diabetes reduces the risk of major cardiovascular events by 50%.
1 SBP is a better marker than DBP for increased risk of CVD, but in the present study, elevated DBP was an indicator of poor blood pressure control. This may contribute to the sample's overall tendency toward hypertension, which is consistent with having T2D.
Finally, while elevated SBP baseline levels were not significantly related to sex, it is important to consider how elevated baseline DBP levels may have contributed toward hypertension in the current sample of patients with T2D. The majority of the study sample (66%) comprised women, all of whom have T2D, placing them at greater risk of CVD and coronary heart disease (CHD) than males with T2D and women without T2D. 27 This finding is significant in light of more recent studies that have suggested that there is a relative risk increase for acute myocardial infarction with diabetes that is higher in women than in men. 28, 29 Ultimately, the current sample of patients with confirmed T2D, the majority of whom were females and who exhibited elevated baseline blood pressure levels, were those most in need of appropriate preventative strategies such as outreach by the telemonitoring nurse.
Limitations
A limitation of the secondary data analysis design is the lack of full control inherent in true experimental designs. Since there were no randomization or comparison groups, and no option of controlling independent variables, rival hypotheses may arise that compete with the manipulation of the treatment as an explanation for observed or desired results. 30 The difficulty of examining the impact of nurse-patient contacts with an observational design is that there is uncertainty surrounding the conclusions reached. Essentially, the design did not allow for true in-depth examination of what, other than the volume of contacts occurring, was actually being exchanged during those contacts. It would be helpful to understand whether contacts were nurse-initiated versus patient-initiated and the types of questions or concerns, other than the nurse responding to alerts, may have prompted the contact. Having access to the detail of the contacts that occurred may have allowed for more robust answers to the research questions and further exploration of why changes in clinical outcomes were occurring. While this data was collected by the nurse when responding to a patient alert, the analysis of this large volume of information was outside the scope of this study.
A unique approach was undertaken to evaluate the effects of frequency of contact on the clinical outcomes, in the absence of more robust data to evaluate the relationship between contact and HbA 1c , SBP, and DBP. These results address an area of opportunity that has been frequently cited in terms of telehealth initiatives for patients with T2D, which is the need for more detailed evaluation of different frequencies and durations of interventions. 21, 31, 32 In a systematic review of telehealth intervention on glycemic control and adherence, the authors examined 14 studies in which patients received phone calls from nurses to assist in the management of blood glucose, diet, physical activity, and medication adherence. Due to considerable differences between study processes and study outcomes, the authors were unable to make strong conclusions about the effectiveness of the interventions. However, the authors noted that to optimize the effect of telehealth for T2D, careful examination of various dosages and durations of interventions is required. 31 Similarly, a systematic review of home telehealth interventions for diabetes management was conducted and, after review of 26 studies, the authors found it was not clear what clinical services, in what quantities were delivered by the interventions. The authors ultimately concluded that due to wide variations in the design and quality of the telehealth interventions, more studies were required to give more accurate insights into the clinical effectiveness. 21 Another significant limitation was the lack of patientlevel data that may have contributed to the individual's status. Patients were on medications throughout enrollment in the program, however, this information was not accessible to the researcher. Patients may have had adjustments made to their medications while being monitored but this information was noted in the Notes section of the data collection system of the telemonitoring program, which was not accessible to the researcher. Similarly, physician office visits were not provided to the researcher, making it impossible to determine if changes in treatment regimen were made, resulting in an increase or decrease in nurse contacts. When patients had episodic illnesses as well as existing comorbid conditions, it was documented in the Notes section of the data collection system that was not available to the researcher due to the inability to de-identify the data. Similarly, diet, activity levels, and body mass index, commonly examined in relation to management of T2D, was not easily accessible within the telemonitoring program data collection system. All the noted patient-level data inputs that were not available to the researcher may have, individually or collectively, had significant impacts on the clinical outcomes noted within the study.
The f indings from the current study necessitate enhancements to the research design in future studies of telemonitoring programs for patients with T2D. To extend the generalizability of the findings beyond the patients from this specific telemonitoring program, the structure, process, and outcomes of care in the telemonitoring environment should be examined in a larger sample of patients that includes adequate representation of ethnic minority populations. Despite the variations that exist in the design of telemonitoring programs, detailed documentation of the structural aspects, the process measures of care delivered, as well as the outcome measures attained need to be further 
